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Experimental investigation of the effect of different surface treatment on mode |
fracture behavior of composite/aluminum adhesive joint
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Keywords Abstract

Compared to mechanical joining methods, adhesive bonded joints have uniform stress distribution, good
fatigue performance and better weight reduction effect. Some failures in the adhesive bonded joints are
caused by the presence of contamination and inappropriate roughness in the joint surfaces. In this study,
the effect of different surface treatment on the mechanical behavior of the composite/aluminum adhesive
joint in the mode | of fracture is investigated by using Double-cantilever beam specimen. Surface treatment
has been done with three methods of Peel Ply Processing, Sanding and Laser for composite adherent and
two methods of Sanding and Laser for aluminum adherent. In the laser surface treatment method, the
transverse distance of the grooves and the spots diameter are fixed, and the scanning speed and power of
the machine are variable. The surface roughness measurement of the adherents shows the increase of the
surface roughness up to a certain value of the laser energy density, but after that the roughness has decreased
due to the melting of the adherent surface. The results show an increase of 13.43% and 7.46% in the critical
strain energy release rate of the mode | of fracture using the laser surface treatment method compared to
the Sanding method and the Peel Ply Processing method, respectively. Also, examination of the fracture
surface of the joint shows an increase in the failure mode of fiber tearing at the joint surface with the correct
selection of laser parameters, which has improved the strength of the joint.

Surface Treatment, Adhesive Joint,
Composite, Mode | Fracture

Please cite this article using: 9S oolitul 3 @be e 4y gl (6l
Kariman Moghadam, A., Rahnama, S., “Experimental investigation of the effect of different surface treatment on mode I fracture behavior of
composite/aluminum adhesive joint,” In Persian, Journal of Science and Technology of Composites, Vol. 9, No. 4, pp. 2116-2127, 2023.

https://doi.org/10.22068 /JSTC.2023.1990008.1828

Archive of SID.ir



Archive of SID.ir

2940l (S )9US 9 pgle Ay jui

Loi&)_\._\'s.wglaéiioobg)f)._\.d

9a109)T — 233 5920l (s Juasl Jgl g0 coaanssis YU 3 ik (Sxhows ilihog 386 ()7 ()22

oy dold 5 Sl Ce s olRius Glg rd ople Shd) cais osle
i Uigy 3l eolitl b xdaw cldas (sl ogos 1 S [4] o s (Lo Lo
Ao o ol |

S5 5 (D138 19) 9T ¥ B s, o3l 5Ly ol
e gatuin 0> B e (65 Liulidl 00,5 e jlweslel dan clles
Slogss, L8 Sl 4o [5] 08,5 Jlasl ploviul il el wilgs oo
(SlSe b dewdl Slibes « oloacd gl asile alises (b Slles
B 18 (s 090 9 DL (655 (b Slles g Cudbann

Jlasl (SlSe olys 5 b 525 2 (SlSn Slekoe 5l (Sl
~ S b Slles laty, el 03,5 (s n |y 69V 58 A ST o
s 6] ol sns oslinul " Jle g lSesley gt Sesley ans F ;
sus,5 Jlasl i alSoal Lial3hl daely polan SlSe Slilas g, dus
s Pl Gl 1y 58l i Sy aey g, Ll el
B oz Jlasl o Slilos 13l 251K0n 5 9 jgu ol ALl
5 Aged 3 ool b 1) ConSls owlid S5 5 (Sl Cunglin 5 oS
gy 9 (&3S o Siamle gy s 3l Gzl 5 [ w5 o &
Sals sams lis b el oad colitul oxbaw Slles gy 25
el 039 25 Ay g, 5l ool b Jlas] alSiocal

Sbbd (i jer 0 ghe CokS b ) Ses 5 4y e
@l Wlosls H18 sy 3590 1) (Faiorels alog b ond oo cageivasl]
039 cewlio ool GBSl b 47 b (Ses jes il sams oles
35055 ool 5 sl b s b 1 fSen 5 ol 18]
191 5sls J1,8 (30 9590 008 B (oo JLail 50 1,4 S Aagy S0,
ooy ool xdaw Sldos ;35U cw)p gly ad SO dged 5l Badow cpl yo
G S B9y 93 0 50 (B el Gl ey i @l el
2 St Al S gy (b, Lol il e 0085 xbas Slilas gl
B8 gz Jlasl by plSoual

(losd Pl 1 5 bwg (i Sllee 3t 2015 5 ol
) S gals]Cajomsls ad S5 (o JLal (B plSoninl 5 (bt S0
i il 5 5 55 I ialsé 5l LT 110] oS o

Laser source
Galvanometric mirror

=

>

Galvanometric mirror

F-Theta scanning lens

Laser beam

Workpiece
Fig. 1 laser surface treatment process
G o Sldes a1 3 1 Sl
° Lapping
© Superfinish

" Infrared Laser Processing
8 Peel Ply Processing

2117

doddto -1
Jge g 039 ol JJo & (CFRP) ()5 GLIIL oo Cosis sl youds
Qo Sd ol 50 Caglie 9 (F055 pln o Vb Cwglae YL Syl
5 ool mlio (ol )093 «Siig Sl Ladlsn mlio o 03,58 5k
25 it glrosle 3 ,Shes dsugr sln g oo eolitud bt ple
g it Slge sl Sy ol 2 osle (b daasjo palS Sl e
odd gl sl oy 31 oS 5 eolainl 059 ) oole wiz 3l S 5 oslaiul
s Slayordy o Ll 559108 93500 plonl (D13 5 05 LI
1o oy 5l oolitnl 15 g Jlnms £pd90 SG 0lge plo g (05 SLIIL 0ad
Gy, b awslie jo cwl doe sloo )5 jo S BLIIL ooy oo
3o SIS, 55 @i s o Jlail (i (Sl L]
L1 sl e 039 2ol 515 095 (S

b Slles (o SVl Sl 5e Jalse Gl 5o
Al e wiee sl Jolse 5l K sz SYLa] sbml ) LS brosi
e ) g @pes o 3l ) s i slaaY (e Sllee
598300 il |y (gemslanST Bo5b 51 Jol a2y )9) mhaws (6551 S (o0
Wgey Syt ol A Sl i o 5u 1, | 09,50 sl (T
2lr 59 e Sueglie 5 odiinz 5 o G (S YLl (b
plSoil 5T s 4y sl 2] sl o cush, Sloks 4 g dawsma Jalse
Tobw Sliles ol B b i gl (5551 Gl o Jlail e
ey bl Gizy el il clin (rhas Ollos St (55,0 P
“JSD 0gd (Susd i g (JSge Jeld caiSusl g ez (59,
Sl sladign 4 joie Bl oad (aw Sldes odins C"“‘"Ygs“‘l"""‘
- S g (5 500kim ¢ Syamle wiile (Sl ldes 05l Jlasl o gds sl y
e Sldes (nl S oo sbml Jlast sl sl 1) 6V waw (S
b Slles s SsSenl el Lol wans o Sial33l |, Jlas! plSol
1431 o5 co Jlasl (b plgs asecis ;o g ooy

5T ST b (S sile oot mh Slles b, eizes
olial (SolSe cbbes o3le olsis & Jlb oloord Slso b idss
S sl Sl g wS (oo JWb 1 gl (Slbee iz 980
5 ool ol sl (loet Slelos Jlo ol b 955 0n (Kon 5 Sl
18] sis SU s cun oo

5l ool sliasd g oanle oxbaw Sldes sl canlin (35l
0UgS ot 3b Loy )10 e g0 Loy (edans Slias el Lol 5 52
09 plol 2ol 51 Gy AboliMly il Wigy Censl (tro )l &5 (Ceeles wiz)
Gl 4] el o Slilas ploxil 6l (pgate s g 5 4 5L
b 4 Jlasl plSial g sad solitul B b,y ) ces Jlail
pwamosl] osld] Lol oot 2alesT ol s o a3l Sgege (6 pRoiir
SL gl slailT dlacyomels wilizee sloyory e dipasl]
L] plSiomil 45 sl aols (i gl wisgy 0 é 5 VoS LI oLl Ly
ol s S BAY o p Gl daoan¥T 5l e 50,5 e b
el 48l 3900 CS19SY Sl 5 25 (LB JSD SG ol Jlie L]
141 5w oaenzr (SSlSe oly 63l )30 b (o Sllos (pimen
sl ol el gla el Slesl a5l 5 agy (b Slles

Micro- Topographical
2Morphology

3 Anodizing

4 Grinding

Archive of SID.ir



Archive of SID.ir

M)ng&nobﬂ)fm|

9a109)T — 233 5920l (s Juasl Jgl g0 coaanssis YU 3 ik (Sxhows ilihog 386 ()7 ()22

£55 250 55 b gz S5 0nyS LI 51 5apelS oz w5 sl
ooy Olyie 4 LREBO (oSl (325 5 00T Cusii lpis 4 qyoyie 2 50
o gl bgoae 11 0550lS s slaa¥ oload .ol oads solizl
ey blge slacls all Cuxr (259ml8 slhodiinr adl o a2 )0
S ASTM D2584 5 sl L ollae losts axsls (VIP) 2S5 o 3
s Sl ol Crimed el 00 drale 5947 GLII o>
sl Gy o0y ialesl 5IASTM D3039 o jlailisl by @illae (2 j5melS
oz wBboe 1 ooz Bilhae (0j5elS o (SSISe (oly> ol
slio ;0 00,58 jshy a5 7075 — T6 pgicogll 5 coguivagll odin
S Jbasl slml sl Grizen adle 3505 o0 3 eslitul 590 Ladlea
Sl ol el ous oolaxul Araldite 2015 5> g0 cwx
abbge 2 Jgoz @llae Araldite 2015 oz 5 7075-T6 pgicog]

JLait gl Siweolel -2-2
05 00l (PP) &S atwgy (b, aw 5 odiws mlaw (o5lwosle] (sl
)'| (PP) ‘5&:435&.3 ‘51)3 el 00 oolaw! (LA) )),J Gzla.u Sldes 9 o)
)'l g oads oolal LS“)?’“LT LRSS CJa...o GJL‘“")L“T 6‘)’.’ LS‘S dwgy g,
cods sslarul @9‘““’5“—' [t C_‘d‘d éjLuoouT 6‘)’.’ 120 o)Lo..’.] oolew
oseesl] 5 (iseelS odiz 53 52 (sl 095 0l 9,505, 50 eien
o bawgs 55 L_,,_?da...: Sldes .l ool oslazwl 120 o, las ool
olS 3 g yiegil 1050 zge Jsb «ly 30 b g5 iSTas L Yh:fiber
;5)3 M)N)ij.o&@]a‘uuwgs}i”wlcm ,sl;ul)..)sajl..SZO
oo 2l e 4550 555 Sz prizmad A5k o latiges solad 3
Gllas 55 551 JB sl @85 18 (o) 3590 gl (§ ) S 50

[16] Al oo Gy ;5 alal,

P

@
V @

ED =

opls Jld B 5 (Sl Ceyu Vol (6551 J&z ED abal, ol 5o

9 6"‘)9""[5 ka“"""‘;'f"‘"? Glﬁ i cdl>7 o5 O'.'.| 2 “\“"L'gs‘ )I‘J

byl o0y aloli b 5 (b Slilas (18 oz L Gillao (soseins]
Sl ool 428,85 by 0 50 um

SeelS odir Sl plss 1 Jgaer
Table 1 Mechanical properties of composite adherent

V12 = V13 = V3 Ess E; Ey
(GPa) (GPa) (GPa)
0.29 7.43 7.43 94.5
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Table 2 Mechanical properties of aluminum adherent and
adhesives [14,15]

v E
(GPa)
Araldite 2015 0.3 1.85
AL 7075-T6 0.33 71.4
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Fig. 2 Double-cantilever beam geometry
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Table 3 Laser surface treatment parameters
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0.085 1500 45 0.17 1000 6 LA-1
0.085 2000 6 0.34 1000 9 LA -2
0.21 1200 9 0.51 1000 18 LA-3
0.21 1000 75 1.14 300 12 LA -4
0.25 1500 135 171 300 18 LA-5
0.37 800 10.5 3.81 90 12 LA-6
0.37 600 12 5.71 90 18 LA-7
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Fig. 6 Images of roughness produced by different process of surface
treatment for CFRP adherent, a) specimen LA1, b) specimen LA2, c)
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f) specimen LAG, g) specimen LA7, h) specimen PP, i) specimen S
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Fig. 5 Microscopic images of roughness produced by different
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Fig 12 Fracture surface with different surface treatment approaches
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Table 4 Critical strain energy release rate with different surface
treatment approaches and standard deviation

Gic oefila Gic (N/mm) o~
(N/mm) Specimen3  Specimen2  Specimenl

0.01 0.05 0.05 0.04 0.06 LA-1
0.02 0.1 0.1 0.08 0.12 LA-2
0.02 0.2 0.18 0.22 0.2 LA-3
0.01 0.3 0.29 0.3 0.31 LA-4
0.02 0.67 0.67 0.69 0.65 LA-5
0.03 0.49 0.46 0.5 0.53 LA-6
0.02 0.27 0.25 0.3 026 LA-7
0.02 0.62 0.61 0.6 0.65 PP
0.01 0.59 0.6 0.59 0.57 SS
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